An oncogenic mutation (G49A:E17K) in the AKT1 gene has been described recently in human breast, colon, and ovarian cancers. The low frequency of this mutation and perhaps other selective pressures have prevented the isolation of human cancer cell lines that harbor this mutation thereby limiting functional analysis. Here, we create a physiologic in vitro model to study the effects of this mutation by using somatic cell gene targeting using the nontumorigenic human breast epithelial cell line, MCF10A. Surprisingly, knock in of E17K into the AKT1 gene had minimal phenotypic consequences and importantly, did not recapitulate the biochemical and growth characteristics seen with somatic cell knock in of PIK3CA hotspot mutations. These results suggest that mutations in critical genes within the PI3-kinase (PI3K) pathway are not functionally equivalent, and that other cooperative genetic events may be necessary to achieve oncogenic PI3K pathway activation in cancers that contain the AKT1 E17K mutation.
Introduction
The PI3-kinase (PI3K) pathway is critical in cancer biology, as activation of this pathway by genomic mutations, deletions, or amplifications is frequent in a wide variety of human malignancies. Extensive preclinical and clinical efforts are underway to target this pathway for cancer therapy. Breast cancers have one of the highest frequencies of mutational activation of the PI3K pathway. Approximately one-third of breast cancers harbor activating mutations or amplification of the PIK3CA gene, which encodes the catalytic p110a subunit of PI3K. Additional breast cancers have mutation or deletion of PTEN, a lipid phosphatase that negatively regulates PI3K activity. More recently a single hotspot mutation, G49A:E17K, in the pleckstrin homology domain of AKT1 was described, predominantly in human breast tumors (Carpten et al., 2007) . The reported frequency of this mutation has ranged from 1.8 to 8% in earlier studies (Carpten et al., 2007; Bleeker et al., 2008; Kim et al., 2008; Stemke-Hale et al., 2008) . Importantly, mutant AKT1 was shown to activate PI3K pathway signaling when overexpressed in NIH3T3 cells and to transform rodent fibroblasts and bone marrow cells (Carpten et al., 2007) . Most studies have found PTEN, PIK3CA, and AKT1 mutations to be mutually exclusive in individual tumors (Saal et al., 2005; Abubaker et al., 2007; Carpten et al., 2007; Bleeker et al., 2008) , suggesting that mutational activation of the PI3K pathway by any one of these means is biologically equivalent. However, some studies have found a small percentage of tumors with concurrent PTEN mutation/deletion and PIK3CA mutation (PerezTenorio et al., 2007; Stemke-Hale et al., 2008) . The frequency of such events may be higher in particular tumor types, such as endometrial cancer, and may reflect differences in tumor biology (Oda et al., 2005; Hayes et al., 2006; Shoji et al., 2009; Cohen et al., 2010) .
To date, there are no identified human cell lines with an AKT1 G49A:E17K mutation (hereafter referred to as AKT1 E17K), and the effects of this mutation have not been evaluated in human breast epithelial cells. Although overexpression studies have been performed, our laboratory and others have shown that physiologic expression of oncogenes from their endogenous promoters can produce distinct phenotypes from those seen with transgenic overexpression (Arena et al., 2007; Konishi et al., 2007a) . To this end, we and others recently reported the creation of isogenic human mammary epithelial cell lines with knock in of hotspot exons 9 and 20 PIK3CA mutations (Di Nicolantonio et al., 2008; Gustin et al., 2009 ). In our system, PIK3CA mutations caused MCF10A cells to grow in the absence of epidermal growth factor (EGF), an effect that was independent of mTOR activation, and lowered the threshold for mTOR activation by exogenous growth factors. Here, we report knock in of the AKT1 E17K hotspot mutation within the same human nontumorigenic mammary epithelial cell system. In contrast to PIK3CA mutations, the AKT1 mutation does not confer growth factor independence and does not alter the threshold for mTOR activation. Our analysis establishes a physiologically relevant in vitro model system to study the effects of the AKT1 mutation on breast tumorigenesis and shows distinct phenotypes arising from mutations in the same signaling pathway. These differences could have potential implications for future targeted therapies.
Results

Identification of AKT1 mutations in primary human breast cancers
To confirm the frequency of AKT1 E17K mutations in human breast cancers, we sequenced this region through PCR of genomic DNA (gDNA) and direct sequencing using 100 primary human breast cancers. Our analysis identified three tumors with somatic AKT1 E17K mutations, indicating an overall mutational frequency of 3% (Figure 1a ; data not shown). This frequency is consistent with previously published reports (Carpten et al., 2007; Bleeker et al., 2008; Kim et al., 2008; Stemke-Hale et al., 2008) . Similar to other studies, AKT1 E17K mutations were not found concurrently with oncogenic hotspot PIK3CA or PTEN mutations, suggesting that activation of the PI3K pathway by mutational activation of either AKT1 or PIK3CA is functionally equivalent. As in earlier studies, AKT1 mutations were found exclusively in breast cancers that were positive for estrogen receptor (ER) a expression, showing a potential selection bias for PI3K pathway activation in breast cancers that express ER.
Targeted knock in of the AKT1 E17K hotspot mutation in nontumorigenic human breast epithelial cells As there are no known cell lines that harbor the AKT1 E17K mutation, in vitro study of this mutation has been limited. To further analyze the effects of the AKT1 E17K mutation, we used gene targeting to create isogenic pairs of human mammary epithelial cell lines, similar to our earlier work (Konishi et al., 2007a; Gustin et al., 2009) . Using the nontumorigenic MCF10A cell line, we have showed that knock in of oncogenic PIK3CA mutations results in properties of transformation in vitro (Gustin et al., 2009) . Thus, in a similar manner, we created two independent MCF10A clones with targeted knock in of the AKT1 E17K mutation. An additional clone was identified that was positive by PCR screening for gene targeting but sequencing of gDNA and cDNA showed that this clone preserved the wild-type AKT1 sequence in both alleles (Figure 1b ). This presumably occurs because the DNA break during homologous recombination takes place proximal to the mutation present within the homology arm, as we have described earlier (Konishi et al., 2007a) . This clone serves as an ideal control as it has undergone the same process of gene targeting and single-cell dilution as the two AKT1 E17K knock in clones. Sequencing of gDNA and cDNA verified that the two E17K knock in clones are heterozygous for the mutation and express the two alleles equally (Figure 1b ). We also verified that there were no additional randomly integrated copies of the targeting construct in these clones through PCR and direct sequencing of gDNA, using primers located within the homology arm containing the E17K mutation (data not shown).
Effect of mutant Akt1 on downstream signaling pathways
The AKT1 E17K mutation has been studied earlier by overexpression in several cell types and has been shown to lead to increased phosphorylation and activation of Akt1 under conditions of serum starvation. This in turn activates downstream Akt1 phosphorylation targets (Carpten et al., 2007) . We studied earlier the effect of knocking in activating PIK3CA mutations on PI3K signaling in MCF10A cells (Gustin et al., 2009) . In this system, mutant PIK3CA expression led to increased phosphorylation of Akt at serine 473 in the absence of EGF. Interestingly, mutant PIK3CA also led to increased phosphorylation of Erk1 and Erk2 in the absence of EGF, indicating crosstalk between the PI3K and MAP kinase pathways, which has been noted by others (Wennstrom and Downward, 1999; Isakoff et al., 2005; Denley et al., 2008) . Additionally, we found that despite activating Akt under EGF-free conditions, mutant PIK3CA did not activate mTOR, as indicated by lack of phosphorylation of the mTOR target p70S6 kinase (Gustin et al., 2009) . However, at physiologic EGF concentrations (0.2 ng/ml), mutant PIK3CA did lead to mTOR activation, whereas parental MCF10A cells fail to activate mTOR at this concentration of EGF.
To test whether AKT1 E17K results in a phenotype identical to oncogenic PIK3CA mutations, we subjected AKT1 E17K knock in cells to similar analyses. AKT1 E17K knock in clones show increased phosphorylation of Akt at serine 473 in the absence of EGF, although to a lesser extent than the PIK3CA mutant knock in cells ( Figure 2a ; Supplementary Information; Supplementary Figure S1 ). In contrast, Akt1 mutant cells do not show any appreciable increase in phosphorylation of Erk1 and Erk2 compared with PIK3CA knock in clones ( Figure 2a ). Moreover, despite increased constitutive activation of Akt1, these cells do not show downstream consequences of increased Akt signaling. For example, levels of cyclin D1 are not increased, in contrast with elevated cyclin D1 seen in PIK3CA mutant knock in clones. Cyclin D1 levels are regulated by glycogen synthase kinase beta (GSK3b), which is a direct phosphorylation target of Akt. Compared with PIK3-CA mutant cells, AKT1 E17K cells showed a minimal increase in phospho-GSK3b serine 9 (Supplementary Information; Supplementary Figure S1 ). In addition, mTOR activation is not increased in AKT1 E17K cells. Using physiologic EGF concentrations (0.2 ng/ml), PIK3CA mutant cells show p70S6 kinase phosphorylation, a substrate of activated mTOR. However, AKT1 E17K mutant cells do not have increased p70S6 kinase phosphorylation, similar to parental and wild-type control cells (Figure 2b ). In addition, with 0.2 ng/ml EGF there is only a slight increase in Akt S473 Figure 3a ; data not shown). In addition, we found earlier that knock in of activating oncogenic KRAS or PIK3CA mutations in MCF10A cells was not sufficient for formation of colonies in soft agar, despite the fact that overexpressed mutant K-ras did result in colony formation (Konishi et al., 2007a; Gustin et al., 2009) . Consistent with these data, colony formation in soft agar was not observed in either AKT1 E17K knock in clones, or any of the control cell lines (data not shown).
Human mammary epithelial cells, including MCF10A, are known to form acini when cultured in three-dimensional Matrigel. In addition, earlier studies have shown that overexpression of oncogenes in human breast epithelial cells can lead to abnormal acini formation when cultured under these conditions (Debnath et al., 2003b; Isakoff et al., 2005) . We have described earlier that mutant PIK3CA knock in cells do not form aberrant acini when grown in Matrigel (Gustin et al., 2009) . However, we have discovered recently that varying the levels of EGF used in these assays can alter the morphology of acini in mutant PIK3CA cells relative to control cell lines. Using EGF at a concentration of 20 ng/ml, mutant PIK3CA knock in cells displayed abnormal projections from acini after 2 weeks in culture (Figure 3b ). In contrast, AKT1 mutant MCF10A derivatives and control cell lines formed typical acini, irrespective of the concentration of EGF used (20 or 0.2 ng/ml). As a positive control cell line, MCF10A cells overexpressing K-ras V12 formed abnormal structures under both sets of growth conditions, as described earlier (Konishi et al., 2007a) .
Mutant Akt1 does not affect proliferative responses to estrogen and tamoxifen
Although our work shows a minimal phenotype for AKT1 E17K in nontumorigenic human breast epithelial cells, this could be due to the fact that most, if not all mutations of AKT1 E17K, have been found in ERpositive breast cancers (Carpten et al., 2007; StemkeHale et al., 2008) , yet MCF10A are known to be ER negative. However, human cancer cell line models are unavailable to study the potential interaction of this mutation and ER signaling, as no human cell lines with this mutation have been identified. Additionally, the majority of ER-positive human breast cancer cell lines currently available already contain known genetic alterations of the PI3K pathway including PIK3CA mutations or PTEN loss (COSMIC Sanger database). To address this issue, we took advantage of a physiologic model of ER signaling in nontumorigenic MCF10A cells developed in our laboratory (Abukhdeir et al., 2006) . ERIN cells are MCF10A derivatives that express physiologic levels of ER and proliferate and (Figure 4a ). To assess the growth response to ER signaling, we used growth assays previously used with ERIN cells (Abukhdeir et al., 2006) . ERIN and TERIAKI cells were seeded in phenol red-free medium with charcoal dextran stripped serum and no EGF, which led to cell cycle arrest of both ERIN and TERIAKI cells; 17 b-estradiol, 4-hydroxy-tamoxifen, or both were then added to cells, changing the medium daily until the cells were stained with crystal violet to assess cell proliferation and viability. Quantitative cell counting experiments were also performed to assess dose-response of estrogeninduced proliferation and growth inhibition by tamoxifen (Supplementary Information; Supplementary Figure S2 ). As shown in Figure 4b and Supplementary Figure S2 , both ERIN and TERIAKI cells were growth stimulated by 17 b-estradiol, which was effectively blocked by the addition of 4-hydroxy-tamoxifen. Mutant AKT1 did not lead to dramatically increased cell proliferation in response to estrogen and did not alter the response to tamoxifen. These results suggest that despite the fact that AKT1 E17K mutations are found exclusively in breast cancers that are ER positive, this mutation does not seem to overtly affect ER signaling or the response to tamoxifen.
Oncogenic PIK3CA, but not AKT1 E17K, confers sensitivity to PI3K and mTOR inhibition There is considerable interest in the potential ability of common oncogenic mutations to predict for response or resistance to both conventional chemotherapy and targeted agents. In particular, one might expect activating mutations in the PI3K pathway to predict for sensitivity to mTOR inhibitors such as rapamycin. To assess whether AKT1 E17K led to increased sensitivity to pathway inhibitors, we analyzed our AKT1 knock in clones in cell proliferation assays when exposed to the mTOR inhibitor rapamycin or the PI3K inhibitor LY294002. As shown earlier, PIK3CA mutant knock in clones were more sensitive to growth inhibition by rapamycin than parental MCF10A cells at physiologic EGF levels ( Figure 5a ; Gustin et al., 2009 ). However, AKT1 mutant clones were relatively resistant to rapamycin, similar to control cells. These results were consistent with the fact that AKT1 E17K clones and control cells do not activate mTOR under these growth conditions (Figure 2b ). In contrast, control cells and AKT1 E17K clones did show partial growth inhibition with the PI3K inhibitor LY294002, though predictably, PIK3CA knock in cells were more sensitive than either control cells or AKT1 mutant cells (Figure 5b ; Gustin et al., 2009) . Interestingly, it could theoretically be hypothesized that mutant Akt1 might confer resistance to LY294002 under these conditions, because it is downstream of PIK3CA, but this did not occur. However, Targeted knock in of mutant AKT1 in human cells J Lauring et al these results are difficult to interpret because LY294002 also targets other relevant kinases that are not bypassed by activated Akt1, as has been described (Workman, 2004) . It remains to be determined whether AKT1 E17K would confer resistance to PIK3CA-specific inhibitors that are currently under development. We also tested the sensitivity of our isogenic cell line panel to the chemotherapeutic agents adriamycin and paclitaxel. Similar to the previous assays, there was no obvious difference in sensitivity to any of these agents (data not shown).
Discussion
There has recently been great emphasis on somatic hotspot mutations in cancer as these invariant mutations represent ideal candidates for targeted therapies. The discovery of the AKT1 E17K mutation in human cancers, albeit at low frequency, is of particular interest because of Akt's known importance in acting as a central mediator of signal transduction pathways that are altered in human malignancies. Although many human cancer cell lines exist with somatic mutations that represent the spectra and types found in primary human tissue samples, currently, there are no available cell lines with a naturally occurring AKT1 E17K mutation, though Mills and colleagues recently reported two human melanoma cell lines with AKT3 E17K mutations . To further study the effects of AKT1 E17K when expressed in a physiologic manner, we have created an isogenic set of nontumorigenic human breast epithelial cell lines with and without the AKT1 E17K mutation. The use of nontumorigenic cell lines has several advantages over human cancer cell lines. First, the MCF10A cell line is genetically stable as assessed by chromosomal instability analysis with FISH (Yoon et al., 2002) , microsatellite, and karyotype analyses (unpublished data), sequencing of p53 (Abukhdeir et al., 2006; Konishi et al., 2007a) , and copy number variation analysis. This provides stronger support that gene targeted knock in clones derived from MCF10A are truly isogenic. Second, the ability to study the effects of a single oncogenic mutation can be easily observed using the various assays we have used in past and present studies. Indeed, our previous work with mutant PIK3CA knock in clones emphasizes this fact. Third, knock in of AKT1 E17K into breast cancer cell lines would likely not yield any definitive data, as most breast cancer cell lines would be expected to already have activation of the PI3K pathway, as evidenced by the high frequency of PIK3CA mutations found in these cell lines (Bachman et al., 2004) . Thus, for these reasons, MCF10A cells enable us to definitively address the phenotypic consequences of introducing oncogenic mutations through gene targeting. Somewhat surprisingly, knock in of mutant AKT1 failed to transform cells in vitro, in contrast to observations with overexpressed mutant AKT1 (Carpten et al., 2007) . This finding is similar to what we and others have observed with knock in of mutant KRAS and may reflect differences between knock in and transgenic overexpression as well as differences between cell types in their susceptibility to transformation (Arena et al., 2007; Konishi et al., 2007a) . Although only biochemical evidence of Akt activation was seen as evidenced by a slight increase in Akt phosphorylation under conditions of no EGF, there are limitations to this study. Notably, it should be pointed out that our results are derived from a single-cell line, MCF10A. Therefore, the effects of AKT1 E17K with MCF10A cells, which are ER negative, may be masking a true phenotype as the AKT1 E17K mutation has only been seen in ERpositive breast cancers. Arguing against this is the fact that knock in of mutant PIK3CA has dramatic effects in vitro, despite the fact that the majority of PIK3CA oncogenic mutations are also found in ER-positive breast tumors. In addition, physiologic expression of ER in AKT1 E17K cells did not show any overt difference compared with ER expressing MCF10A cells with wildtype AKT1. Thus, it may be that AKT1 E17K requires additional genetic events in other pathways to realize its full oncogenic potential. In support of this view is the fact that mutant PIK3CA knock in cells were shown to unexpectedly activate the MAP kinase pathway, a phenotype not observed with AKT1 E17K knock in cell lines. Thus, mutant PIK3CA activates multiple pathways simultaneously likely accounting for its transforming properties in vitro. Engineering additional oncogenic events within the AKT1 E17K knock in cell lines will allow us to address this readily testable hypothesis.
Given the lack of naturally occurring AKT1 E17K cell lines, we feel that these knock in clones will be a valuable resource for understanding the biological and clinical implications of mutant AKT1, as well as other PI3K pathway mutations and alterations found in human cancers. Although the prognostic implications of PI3K pathway mutations in breast cancer are controversial and still emerging, there has been a suggestion from the available data that AKT1 mutant cancers may have a more favorable prognosis (StemkeHale et al., 2008) . Certainly, as a class effect, AKT1 mutant cancers largely belong to the more favorable hormone receptor-positive subset of breast cancer (Carpten et al., 2007; Stemke-Hale et al., 2008 ). An earlier study of primary human breast cancers found that cancers with AKT1 mutations or PTEN mutations/ loss, displayed high levels of in vivo Akt, mTOR, and p70S6 kinase phosphorylation, as compared with tumors with PIK3CA mutations . This result was surprising given the current body of knowledge of the PI3K pathway, and in light of in vitro data from traditional oncogene overexpression experiments as well as our own PIK3CA knock in cells. In contrast, our data suggest that the Akt1 mutant is a weaker activator of the PI3K pathway than mutant PIK3CA. However, our data do support the notion that not all PI3K pathway mutations are equivalent, a concept that has recently emerged in breast cancers as Perez-Tenorio et al. (2007) and Stemke-Hale et al. (2008) have shown PIK3CA mutations with concordant PTEN loss. During review of this manuscript, Fine et al. (2009) and Vasudevan et al. (2009) presented studies suggesting that differences in P-REX2a and PDK-1 activity may account for the variability seen in PI3K pathway signaling depending on the genetic lesions present within cancer cells. In our isogenic system, PIK3CA mutations seem to generate a stronger proliferative signal than the AKT1 E17K mutation, conferring growth factor independence and altering the threshold for mTOR activation. In addition, mutant PIK3CA stimulates mTOR-independent growth even under EGF-free conditions, suggesting that mutant PIK3CA provides a stronger oncogenic signal, either through quantitative increases in Akt1 phosphorylation, activation of other Akt isoforms, crosstalk with the MAP kinase pathway, and/or other Akt1-independent mechanisms.
The results presented here also have potential clinical implications involving pathway inhibitors that are being rapidly studied in clinical trials. In keeping with the quantitative and qualitative differences in signaling, PIK3CA mutations, but not AKT1 E17K, increased sensitivity to the PI3K inhibitor LY294002 and the mTOR inhibitor rapamycin under appropriate growth conditions. It will be of interest to determine in larger clinical studies whether these mutations predict for differential sensitivity to various PI3K, MAP kinase, and mTOR inhibitors currently in clinical trials.
Materials and methods
Cell lines
The nontransformed human breast epithelial cell line MCF10A and its AKT1 knock in derivatives were maintained in DMEM/F12 (1:1) supplemented with 5% horse serum (Invitrogen, Carlsbad, CA, USA), 20 ng/ml EGF, 10 mg/ml insulin, 0.5 mg/ml hydrocortisone, and 0.1 mg/ml cholera toxin, 100 U/ml penicillin, and 100 mg/ml streptomycin (Invitrogen) (hereafter denoted as 'supplemented DMEM/F12'). All supplements were purchased from Sigma-Aldrich (St Louis, MO, USA) unless otherwise noted. MCF10A cells with targeted knock in of the PIK3CA exon 9 E545K and exon 20 H1047R mutations were generated in our laboratory as described and were maintained in supplemented DMEM/F12 without EGF (Gustin et al., 2009) . TERIAKI cells were generated from MCF10A AKT1 E17K knock in clone #1 by stable transfection with pIRESneo-ERa as described (Abukhdeir et al., 2006) . ERa-expressing MCF10A derivative ERIN9 and TERIAKI cells were maintained in phenol red-free DMEM/F12 (1:1) supplemented with 2% charcoal dextranstripped fetal bovine serum (CD; Hyclone/Thermo Scientific, Waltham, MA, USA), 20 ng/ml EGF, 10 mg/ml insulin, 0.5 mg/ ml hydrocortisone, and 0.1 mg/ml cholera toxin, 100 U/ml penicillin, 100 mg/ml streptomycin (Invitrogen), and 120 mg/ml G418 (Invitrogen). All cells were cultured at 37 1C at 5% CO 2 .
Targeted knock in of the AKT1 E17K mutation Targeted knock in the AKT1 E17K mutation was conducted with an adeno-associated viral vector as described (Lauring et al., 2008; Gustin et al., 2009) . The targeting cassette contains a short synthetic intron, an internal ribosome entry site, and a promoterless neomycin resistance gene followed by a polyadenylation signal, all flanked by loxP sites. 5 0 -and 3 0 -homology arms were constructed by high-fidelity PCR using gDNA from MCF10A as template for the homology arms. The targeting vector was transduced into cells and antibiotic selection was performed with 120 mg/ml of G418 in multiple 96-well plates. Neomycin-resistant colonies were expanded, replica-plated and pooled and PCR-based screening was performed to identify cells that had undergone homologous integration of the targeting vectors followed by further PCR screening of individual colonies from positive pools (Konishi et al., 2007b) . Targeted cells were infected with an adenovirus encoding Cre recombinase to remove the selection cassette followed by single-cell dilution and screening by PCR for successful Cre recombination. Primer sequences for PCR are available on request.
gDNA and RNA extraction, cDNA synthesis, PCR, and direct sequencing Sequencing of tissue samples was performed as described earlier (Sjoblom et al., 2006) . Briefly, frozen breast cancer tissues and adjacent normal controls were subjected to laser capture microdissection and gDNA was extracted using QIAamp DNA Blood kits (Qiagen, Valencia, CA, USA). For cell lines, gDNA and total RNA were prepared from cells using QIAamp DNA Blood kits and RNeasy kits (Qiagen), respectively. cDNA was synthesized with First-Strand cDNA Synthesis kits (GE Biosciences, Piscataway, NJ, USA). PCR amplification was performed using GeneAmp 9700 (Applied Biosystems, Foster City, CA, USA) and Platinum Taq polymerase (Invitrogen). PCR primers to amplify cDNA were designed so that forward and reverse primers were located in distinct exons. Automated direct sequencing of PCR products was carried out by the Johns Hopkins DNA Synthesis and Sequencing Facility. Primer sequences for PCR and direct sequencing are available on request.
Immunoblotting Whole-cell protein extracts prepared in Laemmli sample buffer were resolved by SDS-PAGE using NuPage gels (Invitrogen), transferred to Invitrolon polyvinylidene difluoride membranes (Invitrogen), and probed with primary and horseradish peroxidase-conjugated secondary antibodies. The primary antibodies used in this study are anti-p44/p42 mitogenactivated protein kinase rabbit antibody, anti-phospho-p44/ p42 mitogen-activated protein kinase (Thr ) (all from Cell Signaling Technology, Danvers, MA, USA), anti-ER a mouse monoclonal antibody (Beckman Coulter, Sykesville, MD, USA), and anti-glyceraldehyde-3-phosphate dehydrogenase mouse monoclonal antibody (6C5; Abcam, Cambridge, MA, USA). Blots were exposed to Kodak XAR film using chemiluminescence for detection (Perkin Elmer, Waltham, MA, USA).
Growth assays MCF10A cells and their derivative clones were plated at low confluency in assay medium consisting of supplemented DMEM/F12 with 1% CD serum without EGF for 7 days, changing media daily until the assay endpoint. ERIN9 and TERIAKI cells were grown in phenol red-free supplemented DMEM/F12 with 2% CD-FBS without EGF, to which 10 nM 17-b-estradiol, ethanol, 1 mM 4-OH-tamoxifen, or combinations of these drugs were added, for 14 days. Media were replaced daily until the time of harvest. Cell counts were obtained using a Vi-Cell automated counter (Beckman
